The original design for the SLAC linac included an alignment reference system with 270 diffraction gratings situated along the 3000 meter linac. These gratings have provided SLAC with a global reference line repeatable to within 200 micro meters. For the Final Focus Test Beam, this laser system has been extended and 13 new diffraction gratings have been installed. Improvements in the image detection system, in the calibration of the targets and the availability of new instruments allows us to evaluate the performance of the laser reference system at the 5-10 micro meter level.
INTRODUCTION
Components of the FFTB laser alignment system are illustrated in figure 1. A 1 mW HeNe laser provides images with peak intensity of approximately 1 lux at the detector. (Note that all FFTB zone plates are less than 150 m from the laser). The divergent lens is chosen such that the intensity of light at the edges of the zone plate is about 75% of the intensity of light at the center of the zone plate. A precision hinge which enables the zone plate to return to the same position with each actuation is required; only one zone plate may be lowered into the light at one time.
An inexpensive CCD camera with an array of size 8x6" is used. FETB images are much larger than this CCD array. Therefore the camera must be moved many times in order to detect one FFTB image [l] . The accuracy of the camera positioning system is approximately 10 micro meters. However, FFlB images have high sensitivity, figure 2, and need only be detected to within tens or hundreds of micro meters in order to achieve alignment information at the zone plate with precision of a few micro meters. Three days of data from the FFTB laser alignment system are show in figure 3. This data was produced by lowering a single zone plate and repeatedly measuring the image from this zone plate. Motions indicated by the data are a combination of motions of the zone plate, the camera and the laser. Motions of the camera and the laser may be eliminated when a set of three or more different images are monitored. However that was not done in this case. The data from figure 3 is useful in order to evaluate the standard deviation or quality of the measurements made by the image detection system.
The standard deviation of these measurements, computed in terms of the position of the zone plate, is less than 5pm. Figure 3 illustrates the repeatability of the measurement of zone plate images. However, this data says nothing about the accuracy of these measurements. Notice that the standard deviation of the vertical measurements is less than the standard deviation of the horizontal measurements. The algorithm which is used to detect the center of the image uses (1) the vertical cross section of the image to compute the vertical coordinate of the center of the image and (2) the horizontal cross section of the image to compute the horizontal coordinate of the center of the image. Therefore if the standard deviation of the computed vertical coordinate of the image is less than the standard deviation of the computed horizontal coordinate of the image, we would expect that the vertical cross section of the image would be of better quality than the horizontal cross section of the image. Figure 4 illustrates that this is indeed true.
ACCURACY OF IMAGES
The imperfection in the images shown in figure 4 are caused primarily by stray light, reflected off the interior of the vacuum enclosure.
These imperfections are stable; cross sections taken on different days contain the same imperfections.
Looking at figure 4, one might wonder if the computed center of such an image is a good measurement of the center of the "ideal" image. The data from figure 6 is taken directly from the database which is attached to the image detection program. This data consists of 12 different measurements of the center of the LSX7 image at 4 different reference levels. X and Y are the horizontal and vertical coordinate of the image in inches as measured in the coordinate system of the image detector. Etime is the time required for the algorithm to converge in seconds. Center Amp determines the effective reference level. The total range of all the Y (vertical) measurements is 440pm and 840pm for the X (horizontal) measurements.
Translating these measurements into distance at the zone plate we have: Vertical Range: 5 . 6~ Horizontal Range: 2 . 9~. As far as the image detection algorithm is concerned, these images are quite symmetric. Therefore when we compute the center of the "imperfect" image, we are computing the position of the center of the zone plate to within about 5pm.
IMAGE SIMULATIONS
Prior to the construction of the FFTB laser alignment system we investigated the feasibility of a Fresnel zone plate laser alignment system with 5 pm accuracy. Several of the questions on our mind were: (Ql) How precisely must the slots of a zone plate be fabricated? (Q2) How large must a zone plate be? (Q3) Does the angle of the zone plate with respect to the incident light wave matter? (Q4) What happens when light from the laser is not symmetrically distributed across the surface of the zone plate?
In order to answer these questions we conducted one and two dimensional simulations which assumed (1) Light incident on the zone plate has a gaussian intensity profile and has spherical phase, originating at the laser. (2) The zone plate is located at distance R from the laser. Available space does not permit a description of the simulation algorithm, therefore we will simply present results. 
